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J = Jmicek + 2 · Jmiska + 2 · Jramene + Jmotor URRV
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+Q?Mő ??MB+2 M ??ő?2Mő ?+?QTM? ?ő?F???
 ?T?+Q???? /?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?A??Y D2 ?Q7???Q?? TH?7Q?K T?Q ??????2Mő  ?TQ?Ȓ??Mő T?QD2F?? ?HQ??ő+ő+?
T?Q /Q?H2/  ?ő?2Mő ???M?+? /???? ??QK?B+F? ?????K?X
? ???B?HQ??B M QT2??MőK ?????K? MBM??HQ?M?K M ??ő?2Mő M2D?Q? M?F?2??
7?MF+2 TQ/TQ?Q?M?X ȣ ?? ?2 D2/M? Q ;??+F? 7?MF+2- MT?őFH/ ?Q?+B Q#D2F??-
M2#Q Q H?KQ?? 7?MF+2- QK2?2Mő T?Q ?BM*1 2?B???DőX LB+K?M? ? ??K+B ?2Ȓ2M??Q
T?Q#H?K? D2 7?MF?Mő ??#?2MQ?? ?Q?Q?Q ?????K? THM? TQ????Dő+őX
S?Q;?K K? /? T?+Q?Mő ?2?BK?- D2/2M T?Q ???QD U.2?2HQTK2M?V  /???? T?Q
T?Q?Q? U_?M?BK2V,
? ???QDQ?? ?2?BK U.2?2HQTK2M? KQ/2V Ĝ ? ?QK?Q ?2?BK? ?????K ?KQ???D2
??????2? M2#Q ?T?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? ?Q?#Q?? T?QD2F?? T?Q???2/MB+??őK ?FH?/?Mő Q#D2F??
U?/?QD?V  FQM?;??Q?? D2 TQKQ+ő ?H??MQ??őX
? S?Q?Q?Mő ?2?BK U_?M?BK2 KQ/2V Ĝ ?2M?Q K?/ ?KQ???D2 ?T?Ȓ??Mő T?QD2F??X
??B??2H ?/2 K??2 ?H2/Q?? /? M2#Q T?őT/M? TQ??ő?? T?őF?? T?BT??2M?
T?Q;?K??Q?2KX
8XR S?Q;?KQ??Mő ?2 ?A??Y
?A??Y T?QD2F?? KDő ? ȹFQH /Q?Hő?2? M ???Q#Mő ?B DBM? T?Q+2?? T?Q???2/MB+??őK
MBKQ?M?+? ;??+F?+? ????M2F ???X Q#??Q?2F U
”
?+?22M?“VX L ???Q Q#??Q?F? D2
KQ?M? ?Q?Kő??B? Q#D2F?? DFQ D?Q? ?H?ő?F- K??B?2 M2#Q ?2??Q?? TQH2X
?H??MQ??B ??+??Q Q#D2F?? D?Q? ?T??B/H ??Q/M? T?QTQD2M? ?2 ?????K2K T?Q@
K?MM?+?- ?F 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M??Q ?2Ȓ2MőX E Q#D2F??K  F ?H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?2K ?2 T?B???T?D2 Q#/Q#M? MT?őFH/ D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??#2?2K2 TH?7Q?K?- ?2 F?2?? #?/2K2 T?QD2F? ??Q?B?X ???H2/2K F ?QK?- ?2 D2 M
/Q??FQ??K TM2H? MBM??HQ?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?Mő ?????K ?BM/Q?? *1- ??#2?2 ?2 TH?7Q?K
?BM/Q?? *1X SQ/H2 ??#??? M2#?/Q? F /B?TQ?B+B M?F?2?? TQF?Q?BH? 7?MF+2  ?H??MQ??B
Q#D2F??X S?Q TQ??2#? T?QD2F?? D2 ?ȒF ?Q?Q QK2?2Mő KBMBK?HMő
L /HȒő Q#??Q?+2 D2 TQ??2# ?/? DK?MQ T?QD2F??  ??#?? ?Kő???Mő FK
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Q#??Q?2F“V  H?2 M??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HȒő
QFM ?HQ??ő F M???2Mő /?#??2  H?K?X ?FH?/?Mő /? T?Q ?2Ȓ2M? T?QD2F? M2K?
???MK  T?Q?Q ? ?2 ? ??+??Q QFM2+? TQM2+?? ??+?Q?ő M???2MőX ?Ȓ2+?M? ??QH2M?
?QH#? H?2 TQ /QFQM?2M T???Q/+2 ?K?MB?X
8X? S?+Q?Mő T?Q???2/ő
P#???2F R?, S?+Q?Mő T?Q???2/ő T?Q;?K? ?A??Y
?/?QD, ??Q? T??+2- ??R?
CFQ ???ȒBM T?Q;?KQ?+ő+? THBF+ő K? B ?A??Y BM??B?B?M? ?Q?/?H2M? Q?H?/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TM2H?  QFMX SQT??M? #?/Q? D2M ??- F?2?? #?H? T?Q T?B ??Q?#? T?QD2F?? ????B??X
??FH/MőK TM2H2K ??M/?/MőK T?Q ???ȒBM? THBF+ő D2 TM2H M#ő/2FX ?2
?A??Y Q?M?2M DFQ
”
J2M? "?“ UP#???2F R3VX ?/2 H?2 T?2/2?ȒőK ??#?? DF? T@
M2H?  M????QD2 #?/Q? ?Q#??2M?X L#ő/F Q?M?2M?
”
??M/?/“ ?KQ???D2 ?M/M?
T?ő???T F ?FH?/?Mő ?K?M- ?T?Ȓ??Mő  ?2DK?M F M???Mő T?QD2F?? M /Q??FQ?? TM2HX
?Ȓ2+?M? /Q???TM? ?/?QD2 T???? Q?2??2M??Q T?QD2F?? Q#???D2 QFMQ S?QD2+? 1?THQ?2?X
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H ?BK2 ."
.?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P#??Q?F D2 THQ+?- M F?2?Q? ?2 ?Kő?ȣ?Dő Q?H?/+ő- BM7Q?K?Mő  ;??+F? Q#@
D2F?? ? TM2H? M????QD?
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?QQH#Q?“X P#D2F?? D?Q? ?????M? M?F?2?Q? ??Q? ?H??@
MQ??ő ? T?QK?MM?KB  ??Q?ő ?F ??FH/ ?B??HB?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?2Ȓ2M??Q T?Q#H?K?  ?DBȒ??Mő D2?Q Q?H?/?MőX
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?QQH#Q?“ Q#?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F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+Q?Mő?Q T?Q???2/ő T?Q@
;?K? ?A??YX
8X9 "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MQ?
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?Q?F?X
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SQ?H2/Mő ? ????B??+? ?H??MQ??ő T?Q ??FH/Mő ȹ???? D2
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/MQ? ?2 ?H??MQ??B
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??FH/Mő Q#D2F? T?Q DF?FQHB? T?Q???2/ő ?HQ??ő+ő T?Q Q?H?/?MőX ????B?Q D2 M2D?ő+2
?H??MQ??B
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*QKKM/ PM ?2H2?2“X SQ/ ???Q ?H??MQ?? H?2 T?BTQDB? T?őF??- F?2?? ?2
T?Q?2/Q? TQ FH2TM??ő M ?H?ő?FQX S?őF?? TQ??B?? ? T?QD2F?? T?Q Q#D2F?? ?H?ő?F
D?Q?,
8X? >Q? _2;BQM ?N
8X8XR L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?2Mő ?Q/MQ?? T?QK?MM?
S?őF? ?2 M???ő FHBM??őK /Q ?H??MQ??B
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*QKKM/ PM ?2H2?2“ ??#?M??Q ?H?ő?FX
SQ ???Q F+B ?2 ?Q#??ő QFMQ
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?B#H2“ ??#2?2 T?QK?MM?- ?2 F?2?Q? ?2 #?/2
T?+Q??  ? #??+2
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?Q/MQ?- F?2?? K? #?? /Q T?QK?MM? M???2MX *2H? T?őF? ??T/? M??H2/Q?M?,
??B#H2 Ĝ ?2? Ĝ DK2MQpromenne.
8X8X? S?2TM??ő M DBMQ? Q#??Q?F?
S?2TM??ő Q#??Q?F? ?2 M???ő Q#/Q#M? DFQ M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?2Mő ?Q/MQ?? T?QK?MM?X _Q?/ő@
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*QKKM/ ??T2“ QFM? ??#2?2 ??HQ?F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?+?22M“X ? ???Q ??HQ?+2 ?2
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?2K T?B??Q?@
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+?BQM“ ?2 ??#2?2 PT2M MQ?KH U?+?22M +?M;2VX SQ TQ????2Mő ?Mő
T?őF? M??H2/Q?M?, ?+?22M Ĝ PT2M MQ?KH U?+?22M +?M;2V Ĝ DK2MQ?Q#??Q?F?X
8X8X? P?2??2Mő Q#??Q?F? ? MQ??K QFM?
L???2Mő ?Q?Q?Q T?őF?? ?2 T?Q?2/2 ??K?? ?Q?Q?M? DFQ T?őF? T?Q T?2TM??ő M
DBMQ? Q#??Q?F?X _Q?/őH D2 ?2 ??#??? ??#?M? F+2 ? #??+2
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+?BQM“X ?/2 ?2 ??@
#2?2 PT2M 7?K2 UK?H?B@KQMB?Q?VX *2H? T?őF? TQ?QK ??T/? M??H2/Q?M?, ?+?22M Ĝ
PT2M 7?K2 UK?H?B@KQMB?Q?V Ĝ DK2MQ?Q#??Q?F?X
8X8X9 .2F?B?+2 ?H?ő?F
.HȒő TQ??B?? ?H??MQ?? Q#D2F?? ?H?ő?FQ D2
”
1M#H2 ??X“X GQ;B+F? ?Q/MQ? T?QK?MM?
T?B??2M? ???Q ?H??MQ??B ?Q??Q/?D2 Q ?QK ?/ ?H?ő?FQ #?/2 M2#Q M2#?/2 T?Q??/??
F+2 ?/M? ?2 ?H??MQ??B
”
*QKKM/ PM _2H2?2“ M2#Q
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*QKKM/ PM S?2??2/“X
L???2MőK ?Q/MQ?? 6G?1 /Q T?B??2M? T?QK?MM? ?M2KQ?Mő T?Q??/?Mő T?B??2M?+?
F+ő /M??Q ?H?ő?FX
8X8X8 1/B?"Q? Ĝ .B?TH? U/?H2
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2/B??Mő QFMQ“V





P#D2F? ? ?H??MQ??KB Q#/Q#M?KB DFQ ?H?ő?FQ- F?2?? D2 ?ȒF ?ȒF T?B ???QDB ? T?@
+Q?MőK T?Q???2/ő D2 ?2T?2?2M?Q?M? Ȓ2/?K T???H2/M?K Q#/?HMőF2K  TQ ?T?Ȓ??Mő
T?QD2F?? D2 M2?B/B?2HM?X
S?Q;?K D2 ???őD2M T?Q /Q??FQ?? TM2H- F?2?? M2K? F /B?TQ?B+B FH??2?MB+BX S?Q
?2Ȓ2MQ? ȹHQ?? D2 ?ȒF TQ??2# ?Q/MQ?? ?TB?Q??X .Q+őH2MQ ?Q?Q D2 ?F- ?2 2/B??Mő
QFM /Q F?2??+? D2 M??M? ?TB?Q?? D?Q? T?2F??? Q#D2F?? >Q? _2;BQM- F?2?? KDő
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?2 F ?H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*QKKM/ PM _2H2?2“ T?B??2M T?őF? M???2Mő ?Q/MQ?? ??#?M?
T?QK?MM? TQKQ+ő M?K2?B+F? FH??2?MB+2X C2 ?2/? ??/Q?+ő #? Q# ???Q Q#D2F?? #?H?
?????M? ??2DMQ? T?QK?MMQ?X SQKQ+ő M?K2?B+F? FH??2?MB+2 TF /QD/2 F M???2Mő
T?QK?MM? ?Q#??2M? 2/B??MőK QFM2KX
8X?XR ?T??Mő ?Q/MQ?? T?QK?MM? TQKQ+ő M?K2?B+F? FH??2?MB+2
S?őF? ?2 M???ő ??K?? ??Q/M? DFQ ? T?őT/2 M???2Mő ?Q/MQ?? T?QK?MM? T?Q
Q#D2F? ?H?ő?FQX ?K?MQ? D2 ??#?? DBM? F+2 ? #??+2
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L?K2?B+ S/“X *2H? T?őF? ??T/? TQ?? M??H2/Q?M?,
??B#H2 Ĝ L?K2?B+ S/ Ĝ DK2MQ?T?QK2MM2X
8X? ??2M/
P#D2F?- F?2?? ??F?2?H?D2 F???HMő ?Q/MQ?? T?QK?MM? T?B??2M? F ?H??MQ??B
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S2M“X
?H??MQ?? T?2/????D2 T2?Q- F?2?? #?/2 ???Q ?Q/MQ?? ?TB?Q??- ? ???B??+? ?@
?Q??+? BM?2??H2+? U/?HF BM?2??H? M???B?2HM? ?2 ?H??MQ??2+?V- M TQ?/ő Q#D2F??X
8X?XR S?B??2Mő T?QK?MM? ??2M/?
S?B??2Mő ?2 T?Q?2/2 FHBFM??őK /Q ?H??MQ??B
”
1/B? S2M?“X SQ ???Q F+B ?2 ?Q#??ő
/BHQ;Q?? QFMQ
”
S2M?“-/?H2 ?2 ??B?FM2 ?H?ő?FQ
”
//“- F?2?? ?Q#??ő /BHQ;Q?? QFMQ
”
1/B? S2M S?QT2??B2?“  ?/2 ?2 /Q #??F?
”
??B#H2 S2M“ ?/? DK?MQ T?QK?MM?-
F?2?Q? +?+2K2 ??F?2?HQ??X
8X3 S?BTQD2Mő /?MKB+F? PS* T?QK?MM?
P#???2F ??, S?BTQD2Mő PS* T?QK?MM?
?/?QD, ??Q? T??+2- ??R?
8XN L???Mő T?QD2F?? M /Q??FQ?? TM2H 9R
? TM2H? S?QD2+? 1?THQ?2? ?2 ??#2?2 ?/?QD PS* EHB2M? .U*PJVX EHBFM??őK
T????Q ?H?ő?F K?ȒB ?2 T?2D/2 M M#ő/F?- F/2 ?2 ??#2?2
”
// L2? PS* A?2K Ę“X
?/2 ?2 ? H2?? ???M? QFM
”
?; "?Q??2?“ ???H2/? ?T?Ȓ??M? PS* ?2??2?  M T???
?2 ?Q#??ő F?B?Mő PS* T?QK?MM?X ??#2?2 ?2 ??/M? T?QK?MM?  ??#?? ?2 TQ???/őX
?2 ?/?QDB D?Q? ?B/?? D2/MQ?HB?? T?BTQD2M? T?QK?MM?X CK?M T?QK?MM?+? D?Q?
KQ/B?FQ??M T?B/?MőK AG*R8? T?2/ D2DB+? T??Q/Mő M??2?X LT?őFH/ ? T?QK?MM?
?2?*J. ?F T?Q TQ??2#? ?A??Y ??MBFM2 AG*R8?X?2?*J.X
S?B/?MőK T?QK?MM? ?2 ?Q???M? ????Q?ő T??2F PS* ?2??2?- F?2?? ?2 ?H??MQ??B
”
L2??Q?F LQ/2“ K??ő Kő? ?/MQ? AS /?2?? ??ő?2Mő- M F?2??K D2 ?T?Ȓ??M PS*
?2??2?X ? ?QK?Q T?őT/? ?2 D2/M? Q /Q??FQ?? TM2H ?S R?? ? /?2?Q? RN?XR?3X?X??X
8XN L???Mő T?QD2F?? M /Q??FQ?? TM2H
? M#ő/+2 ??M/?/ ?2 ??#2?2 KQ?MQ??
”
?THQ/ S?QD2+?“X ?Q#??ő ?2 QFMQ F/2 ?2
? ????B
”
SH?;AM ??T2“ U??T ?TQD2MőV??#2?2 KQ?MQ?? ?*S  /Q 2/B??Mő?Q QFM ?2??2?
?2 ?TőȒ2 AS /?2? ??ő?2Mő FK K? #?? T?QD2F? ?Kő???MX PT?? ?2 D2/M? Q AS /?2??
/Q??FQ???Q TM2H?X ?KQ?M? M???Mő ?2 T?Q?2/2 ?H?ő?F2K
”
?THQ/ S?QD2+?5“X
E ?T?Ȓ??Mő T?Q;?K? TQ?? /QD/2 #???Q ?H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g · r2 · cosβ · (1 + cosα)2
cos2β · (2 · r · sinα + 2 · r(1 + cosα) · tg · β)
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